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Abstract 
Shanxi province is located in the middle reach of the Yellow River, which is also the important energy and chemical 
industry base of China. Water resources shortage and over exploitation of groundwater is serious in Shanxi Province. 
Therefore, Shanxi has promoted the construction of water resources monitoring system since 2010. The monitoring 
system consists of 262 water source areas, 865 water intake sites for municipal water supply, 115 irrigation areas, 43 
river control sections, 259 sewage outlets, and 504 groundwater gauge points. All the monitoring datasets from the 
above points are integrated into a water resources management information system (MIS). Based on the MIS, a 
decision support system (DSS) is built for routine management and emergency water regulation. The DSS is divided 
into two levels. The top level, also named provincial level, can access all the data of the monitoring points and 
remote control nodes. It is a data storage center, and also a decision-making and command center. The bottom level, 
called municipal level, can only access the monitoring data of the points under its jurisdiction. The bottom level is 
also responsible for local water resources dispatch in the scope of authority. The MIS and DSS have greatly 
improved the scientific and informatization ability of water resources management, and the water shortage situation 
and the over exploitation of groundwater in Shanxi Province have been greatly alleviated by optimal scheduling 
based on the MIS and DSS. 
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1. Introduction 
Shanxi province is facing a severe water shortage due to less rainfall which caused by climate change and human 
activities. The experiences around the world show that water resources monitoring (WRM) can promote sustainable 
management of surface water and groundwater resources [1]. In 2006, the Canadian federal government merged and 
reconstructed the WRM system, mainly including two surface water monitoring programs—the National 
Hydrometric Program and the Fresh Water Quality Monitoring program [2]. The WRM can collect water quality 
and quantity data and make the data publicly available, which is critical for informed decision-making by water 
administrative department, citizens, and public officials. In the United States of America, Florida [3] and some other 
watersheds like Spring Creek [4] have built the water resources monitoring system. Since 1960s, many researches [5] 
have been done to build [6] or optimize [7] the water resources monitoring system [8], not only for surface water [9], 
but also for groundwater [10]. In 2010, the water administrative department of Shanxi province launched the 
construction of a water resources monitoring system. The program aims to provide data and information to users for 
various needs, such as establishing baseline and reference conditions of water quantity/quality, determining long-
term trends, handling routine management of water resources, measuring response to remedial measures and 
regulatory decisions, detecting emerging issues and threats, protecting ground water etc. This paper describes the 
framework, the management information system, the decision support system and management levels of Shanxi’s 
WRM. 
2. Framework 
The overall framework of the Shanxi’s WRM system consists of five levels: (1) water resources monitoring; (2) 
computer network; (3) data resources management platform; (4) the application supporting platform; (5) application 
system (DSS and MIS). The WRM system is equipped with the information security system and the interface and 
transmission standard system to guarantee the safety and stable operation. 
 
 
Fig. 1. Framework of water resources monitoring system 
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2.1. Water resources monitoring 
Water resources monitoring is the data source of the WRM system.  It collects the information of water resources’ 
development and utilization (such as water intake or water drainage) from different water consumers within the 
scope of the directly affiliated institutions in Shanxi provincial water resources bureau and the municipal or county-
level water resources administrative jurisdiction. It also collects the regional water resources quantity and quality in 
the process of the natural water cycle, such as municipal (or county) surface water section, surface water source, 
groundwater source, over exploitation region of groundwater, etc.  
2.2. Computer network 
The computer network includes the Local Area Network (LAN) covering the users of all levels and the Wide 
Area Network (WAN) interconnecting each level LAN. The communication network of Shanxi’s water resources 
management system sets up on the Internet based on water conservancy information backbone system and virtual 
private network (VPN).  
2.3. Data resources management platform 
Data resources management platform is the destination for information collection in the system and the basis of 
the data storage and management. Data resources management platform includes three elements: (1) data storage 
medium, (2) comprehensive database based on spatial data frame structures, as well as the metadata database and 
the data dictionary corresponding to the physical database, and (3) the database management system software. 
2.4. The application supporting platform 
The application supporting platform can provide basic public services, basic model services and system resources 
services. It can effectively isolate the lower data with a direct link between the upper applications. It makes the 
system a flexible extension and builds data sharing channels and a business cooperative relationship with the water 
resources application system. 
2.5. The application system 
Based on application supporting platform, the application system establishes the water management application 
logic process and builds the water resources management affairs. The application can be divided into the MIS and 
DSS depending to the service functions. According to different requirements and the information security 
considerations, the service objects of MIS can be divided into intranet users and the internet users. DSS directly 
faces the water resources administrative departments. The system respectively constructs both the intra application 
management portal and internet services web site relying on the portal technique. 
3. Management Information System  
The MIS is mainly to achieve the functions as information exchange, information dissemination, information 
storage and so on. Focusing on the main steps of water resources development and utilization, the management 
information system has constructed the on-line monitoring, off-line monitoring, information transmission facilities, 
information management and release system under the unified information collection equipment technical 
requirements. 
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3.1. Information monitoring points 
The information monitoring points mainly include: 262 urban centralized water supply sources; industries which 
water intake scale more than 200,000 m3/a; 865 domestic water intake households (water withdrawal reaches 1.35 
billion m3, accounting for 82.9% of the provincial total water withdrawals of industry and life in Shanxi province); 
115 agricultural irrigation districts with water intake scale more than 500,000 m3/a  (water withdrawal reaches 1.46 
billion m3, accounting for 78% of the province surface water irrigation); 43 river control sections; 504 automatic 
monitoring points of underground water level; 259 industrial and domestic sewage outlets on rivers with waste water 
discharge more than 500,000 t/a (pollution discharge reaches 550 million t/a, accounting for 72.3% of the total 
pollution discharge per year into the river from industry and life). The distribution of all kinds of information points 
specified is shown in Figure 2. 
 
 
Fig. 2. The monitoring points in Shanxi province 
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3.2. Information exchange 
The demand of water resources information exchange mainly includes: the exchange of information transmission 
requirements among the central, river basin, provincial, municipal and county water resources administrative 
departments; information exchange among the different departments of water administrations at the same level; 
information exchange among water resources management system and flood control and drought management, 
hydrological information network, water licensing management, soil and water conservation or groundwater 
management systems; the information exchange between water resources administration and other government 
functional departments. 
3.3. Information dissemination  
The information dissemination can offer different information services in view of the different service audiences. 
According to the need, it can deliver relevant information to users differently.The information dissemination 
oriented to the water resources administration mainly includes: data statistical analysis results due to water resources 
information online monitoring, the output of the subsystems of the water resources management application system, 
and the results of water resources regulation system.The information dissemination oriented to the water consumers 
and drainage householders mainly includes: the water consumption amount of the water users, water resources fee 
collection, online office processing and the result of examination and approval and some inform related to 
applications.The information dissemination oriented to public users mainly includes: water resources introduction 
and situation, water policy and regulations, government public affairs on water resources, convenient service, public 
interaction, and information need to be announced and release according to the regulations of "administrative 
licensing law". 
3.4. Information storage 
For convenience of data management and maintenance, various kinds of basic data and hydrologic real-time 
monitoring and artificial telemetry data need a storage based on the principles of unified standard and centralized 
storage. Digital water resources center in Shanxi Province as a public data platform to provide information storage 
service to users at all levels provides the services of data storage, backup, maintenance and data services. According 
to the different kinds of information, it is classified and stored in different security levels and different types of 
storage devices. The core data set of the system is centralized and stored in the core storage device with high 
reliability in the center. At the same time the system provides online backup and offline backup. 
4. Decision Support System 
Based on Browser/Server (B/S) system framework in Java 2 Enterprise Edition (J2EE) system, water resources 
decision and supporting system mainly includes water resources routine management, water allocation and water 
emergency regulation management. 
4.1. Routine Management 
Water resources routine management can be divided into several functional subsystems, including management 
of water sources, management of groundwater over-exploited areas, management of water supply projects, 
management of water supply industries, management of water resources argumentation, management of water 
permission licenses, management of water fee collection and supervision, management of planned water use and 
saving, management of water drainage industries, management of pollution discharge outlets of river and 
management of water resources planning. 
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4.2. Water allocation 
On the basis of supervision, statistical analysis and models, water resources dispatch allocation provides multi-
angles for decision maker and optional water allocation and dispatch schemes. The module of water resources 
dispatch allocation consists of functional subsystems such as water supply dispatch, decision discussion and post-
evaluation of schedule, etc. The major functions of this system include real-time evaluation and prediction, 
proposing and determining water supply and drainage plans according to different water sources projects, and 
evaluating results of the plan and providing a general decision supporting for the water allocation and dispatch 
management. The functions of this system can be listed as: (1) Statistics: It provides statistical data in spatial and 
temporal dimensions; (2) Prediction and Forecast: Forecasting of water resources, storm floods and runoff in dry 
season can be done along with the existing mathematic models; (3) Analysis and reasoning judgment: Analyze and 
judge the results that forecasted and simulated by decision supporting system through the access of man-machine 
interaction; (4) Optimized allocation dispatch: When a contradiction appears between the supply and demand of 
water resources, the decision support system determines a best configuration scheme to maximize the benefit of 
limited water resources; (5) Decision consultation: It provides foundation of information, schedules, effects for 
decision making; (6) Virtual simulation and visual display: Import water resource forecast and scheduling results 
into the water conservancy project of data center in electronic map to dynamic play; (7) Regional comprehensive 
analysis. 
4.3. Emergency regulation 
Emergency regulation management of water resources: Emergency management system receives and processes 
different supervised emergency, meanwhile it makes comprehensive monitoring, early planning and statistical 
analysis to deal with all kinds of emergencies and accidents. At the same time, the system puts forward 
corresponding emergency response plans and measures in the view of different types of emergencies to ensure the 
safety of water resources in a great extent. Emergent disasters include serious water pollution events, serious project 
accidents, serious natural disasters such as freezing rain and snow, droughts, earthquakes and serious human-
induced disasters. The application of water resources management system consists of alerts of water resources, 
contingency management, emergency dispatch, and so on.   
Water resources alerts contain water shortage alert, water supply alert, groundwater over-exploitation alert, 
pollution drainage alert, and ecological and environmental water consumption alert: (1) The water shortage alert 
starts when there is a serious in balance between water demand and water supply; (2) The water supply alert system 
leaves out an alert message when the parameters of important water division gate or water supply facilities such as 
the flow, the water level and the water quality appear extraordinary. This will also exist when the water supply 
system and facilities become abnormal or fail to operate; (3) The groundwater over-exploitation alert starts when 
groundwater is over-exploited in a specific point; (4) The pollution outlet alert is triggered when a household or 
drainage on the river discharges sewage excessively; (5) The alert of ecological environment will come out when the 
quantity and quality of river are below the limits of ecological and environmental water use. 
According to different types of dangers, including danger in operation, danger of engineering safety, water 
pollution incidents and emergency dispatch when water is needed. Emergency management can propose 
corresponding emergency plans and execution and supervision plans. Functions of brief use of preplan and effect 
analysis are also prodded in this system. 
Emergency dispatch determines the classification of the event based on collected real-time information. In 
referent to contingency plans, emergency response plan will be scheduled as boundary condition to generate the 
actual scheduling program. Meanwhile, it performs disaster danger and engineering safety emergency dispatch, 
scheduling water quality and water demand under special emergency.  
5. Management Levels 
Shanxi water management system is divided into two levels. The upper layer is the provincial water resources 
management and the lower is the municipal water management (as in Fig. 3.). Provincial water management is 
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responsible for water resources management and decision-making of the area. The provincial water management 
aggregates water resources data and information under the jurisdiction of the province, and receives online 
monitored data of water sources, water intakes, pollution discharge outlets of river directly, collects data of 
groundwater, water quality and rainfall from provincial bureau. Moreover, the management measures collect, 
integrate and analyze business professional data and store water information of the whole province. On the basis of 
water resources information management, the province is responsible for scheduling configuration and emergency 
management of water resources.    
Municipal water resources management accredited by the provincial water resources administration is to 
complete local water resources management and decision-making function. It also reads the monitored data of water 
resources in the responsible area, reports water business data and information under the jurisdiction of the area to the 
provincial system, receives and executes command and scheduling management from the upper level. As the central 
station of local water resources collection and transmission system, the municipal water resources management 
assists to manage water resources of the lower level relying on the unified construction of data collection and 
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Fig. 3. Physical structure of Shanxi province’s WRM 
6. Discussions And Conclusions 
The water resources management system of Shanxi Province achieves the whole observation processes of surface 
water, groundwater, water consumption and water drainage. It greatly improves the management ability of water 
resources, strengths the unified dispatch of water resources in a provincial scale and protects local aquatic ecosystem 
under the premise of economical water consumption. The situation of dried-up Fen River for 12 years long has been 
changed by the application of the system to jointly dispatch the industrial water use and ecological water use. The 
use of this system has also strengthened the ability of monitoring and early warning of groundwater over-
exploitation zone, and has reduced groundwater exploitation of 60,000 million m³/a in Taiyuan Basin. The central 
table of groundwater of Taiyuan basin rose by 11.95 m and the funnel area is reduced by 50%. The good condition 
in implementing water resources management system significantly benefits both the economic society and 
ecological environment. 
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